Evaluating the Role of Multidrug Resistance Protein 3 (MDR3) Inhibition in Predicting Drug-Induced Liver Injury Using 125 Pharmaceuticals.
The role of bile salt export protein (BSEP) inhibition in drug-induced liver injury (DILI) has been investigated widely, while inhibition of the canalicular multidrug resistant protein 3 (MDR3) has received less attention. This transporter plays a pivotal role in secretion of phospholipids into bile and functions coordinately with BSEP to mediate the formation of bile acid-containing biliary micelles. Therefore, inhibition of MDR3 in human hepatocytes was examined across 125 drugs (70 of Most-DILI-concern and 55 of No-DILI-concern). Of these tested, 41% of Most-DILI-concern and 47% of No-DILI-concern drugs had MDR3 IC50 values of <50 μM. A better distinction across DILI classifications occurred when systemic exposure was considered where safety margins of 50-fold had low sensitivity (0.29), but high specificity (0.96). Analysis of physical chemical property space showed that basic compounds were twice as likely to be MDR3 inhibitors as acids, neutrals, and zwitterions and that inhibitors were more likely to have polar surface area (PSA) values of <100 Å2 and cPFLogD values between 1.5 and 5. These descriptors, with different cutoffs, also highlighted a group of compounds that shared dual potency as MDR3 and BSEP inhibitors. Nine drugs classified as Most-DILI-concern compounds (four withdrawn, four boxed warning, and one liver injury warning in their approved label) had intrinsic potency features of <20 μM in both assays, thereby reinforcing the notion that multiple inhibitory mechanisms governing bile formation (bile acid and phospholipid efflux) may confer additional risk factors that play into more severe forms of DILI as shown by others for BSEP inhibitors combined with multidrug resistance-associated protein (MRP2, MRP3, MRP4) inhibitory properties. Avoiding physical property descriptors that highlight dual BSEP and MDR3 inhibition or testing drug candidates for inhibition of multiple efflux transporters (e.g., BSEP, MDR3, and MRPs) may be an effective strategy for prioritizing drug candidates with less likelihood of causing clinical DILI.